A Cellulose Aerogel fibre spinning process was investigated based on coagulation of a spinning dope out of aqueous zinc chloride salt hydrate melts into different coagulants. It has been shown that coagulants with less solubility of zinc chloride are more suitable for the production of fibres. The lower the solubility of zinc chloride the slower is the diffusion from the gel fibre into the coagulant. It has been shown that to fast diffusion is contra productive to the fibre strength. Therefore conditions with low diffusion rates are favorable to increase the mechanical properties of aerogel fibres. The fibres were supercritical dried and investigated due to their inner surface with BET analysis, pore structure via SEM images and mechanical properties. The described aerogel fibre synthesis is a promising step to the encapsulation of combustion engines with drapable aerogel structures to supress the cooling of hybrid cars during urban driving. It has been shown that this bears the potential of increasing the efficiency of hybrid engines and decreasing the amount of emissions during driving.
Introduction
Hybrid engines and efficient mobility are important issues of modern time, with global warming demanding a decrease in CO 2 emissions. Current technologies such as start/stop automation have proven to be effective in reducing the emission of cars to some degree. The cooling of the combustion engine, occurring especially during the stop periods in urban traffic, result in a non-optimal operation temperature. It has been shown that by thermal insulation of hybrid engines, a constant, ideal operating temperature can be attained more easily resulting in a further decrease of fuel consumption and emission. [1] The influence of the oil temperature on the CO 2 emission during a New European Driving Cycle (NEDC) is shown in Fig. 1 and underlines the mentioned. The requirements for materials used in the automotive industry are very high. One of the most important factors of concern is the weight of each part. Furthermore there is a limit of space available within the engine compartment. Therefore a high performance material with a high insulation to weight ratio is needed for the encapsulation of a hybrid engine. Due to the limitation of requirements conventional materials cannot be used as a sufficient solution. They are either too heavy, require too much space or have too high thermal conductivities. A class of high performance material gaining more and more attention within the last decade that fits the desired requirements is the aerogel. Aerogels are pore systems of solid material consisting of up to 99.9 % air. They can be synthesized out of various polymers using, most commonly, the sol-gel process. [2] They exhibit extraordinary insulation properties and have an extreme low weight. [3, 4] Fig. 1. CO2 emissions as a function of engine oil starting temperature of a 1.9 litre C-segment diesel engine at -7 °C. [5] The insulation material within the engine compartment needs to be adjusted to the surface of the motor to cover the highest amount of its surface as possible. Therefore an availability of drapable aerogel would be favourable, to fit the requirements for insulating a combustion engine within an automobile. So far most aerogels are available as monolithic block materials or particles. One major drawback of monolithic aerogels is their limited drapability. To outcome this drawback aerogel particles were already integrated into non-woven structures to increase their drapability under the loss of thermal insulation properties.
[6] Furthermore fibre reinforced aerogels has been synthesised resulting already in a low thermal conductivity. To decrease the conductivity even more a non-woven consisting only out of aerogel fibres would be favorable. Therefore the possibility of the production of aerogel fibres is investigated at the Institut für Textiltechnik (ITA) of the RWTH Aachen University. [7] 
Material and Methods
Cellulose was used without any further purification. Avicell cellulose (100 % α-cellulose content, DP V 204) was purchased at Sigma-Aldrich. Elemental chlorine free cellulose (ECF) was used with a DP V of 722 and 82.7 % α−cellulose content. Total chlorine free cellulose (TCF) was used with a DP V of 511 and an α-cellulose content of 83.7. Lenzing cellulose with 93.8 % α-cellulose content and DP V of 720 was used and was kindly provided by Lenzing AG, Austria. α-cellulose content was determined according to DIN 54355. Mechanical properties of the produced fibres were investigated according to DIN Fig. 2 consistig of a reservoir for spinning dope (b), spinning head with filter, valve and spinneret (c) threat guide (d) and winder (e) immersed in a bath of respective coagulant. 
Results and Discussion

Development of spinning dope
Decomposition of Cellullose in aqueous zinc chloride salt hydrate melts
The decomposition of cellulose in aqueous zinc chloride salt hydrate melts was investigated for the development of possible spinning dope synthesis. The investigated cellulose solution consisted of 70 % zinc chloride, 5 % Avicell cellulose and 25 % deionized water. As shown in Fig. 3 the DP v decreases over time according to a pseudo first order, only depending on time and initial DP v used as suggested by prior publications. [8] During the first 30 minutes the DP v is decreased by 10 to 15 %. Therefore it is necessary to dissolve and process the cellulose at temperatures as low as possible to avoid unnecessary decomposition.
Coagulation of Cellulose in different solvents
Based on literature [10] the tree different coagulants water, ethanol and isopropanol were chosen to investigate the fibre formation behaviour. Therefore spinning dopes prepared as described before were extruded into a bath of the respective coagulant by using a syringe. Coagulation in water yielded in no fibre formation. The cellulose did not stick together and could be collected as a powder like solid at the bottom of the bath. Coagulation with ethanol yielded thin solid fibres that were brittle. The use of isopropanol yielded solid gel filaments that could be lifted out of the coagulant. Therefore isopropanol is the most feasible coagulant of the here described once. This is correlated a) Casing for the gear pump b) Reservoir for spinning dope c) Spinning head with filter, valve and spinneret d) Threat guide e) Winder with the solubility of zinc chloride within the used coagulant. The higher the solubility in the system is, the faster the zinc chloride is washed out of the cellulose gel resulting in less stable fibres. Fig. 3 . Decomposition of cellulose in aqueous zinc chloride salt hydrate melt over time. [9] 
Development of aerogel spinning process
Based on the former mentioned preliminary experiments spinning trials were performed using the mentioned system of cellulose solved in aqueous zinc chloride salt hydrate melt. The reservoir for spinning dope and the spinning head were heated to 60 °C to decrease the viscosity of the spinning dope. Pumping pressure was set between 2 and 3 bar of nitrogen overpressure to ensure continuous feeding of dope to the gear pump. A multifilament spinning nozzle with 100 holes, 150 μm diameters, was used. The extrusion speed was varied between 0.87 and 1.55 mL/min. The used cellulose and the extrusion condition were varied. The changed parameters and the resulting spinning behaviour is summarised in Table 1 . The successfully spun fibres were regenerated using continuous washing with isopropanol until a conductivity of 0.60 μS/cm of the contaminated solvent was achieved. The as prepared fibres were dried supercritical and analysed via SEM and BET analysis at the Deutsches Zentrum für Luft-und Raumfahrt (DLR) in Cologne. Mechanical tests were performed at the ITA. In Fig. 4 an aerogel filament is shown with its structure. A core sheath structure can be observed formed by smaller pores on the surface and increasing pore sizes in the core. These can be correlated to the fast occurring coagulation at the first contact of the spinning dope with the coagulant and the subsequent coagulation front moving to the center. 
